ABSTRACT
INTRODUCTION
The processes of periodontium remodeling are incident to orthodontic tooth movement. [1] [2] [3] [4] The gingival crevicular fluid (GCF) is the medium where changes in the profile and levels of various mediators of tissue reactions in tooth movement occur during orthodontic treatment. [5] [6] [7] [8] [9] Prostaglandins, interleukins (IL)-1β, IL-6, TNF-a, epidermal growth factor (EGF), TNF-alpha and the receptor activator of nuclear factor kappa B ligand (RANKL), acid phosphatase, tartrate resistant acid phosphatase, cathepsin B, etc. can be found in GCE in elevated levels. [10] [11] [12] [13] [14] [15] [16] Matrix metalloproteinases (ММРs) and their inhibitors (tissue inhibitors of matrix metalloproteinases, TIMPs) act in coordination to control the collagen remodeling in the periodontium. The expression of MMP-2, 8, 9, 13 and TIMPs 1-3 is upregulated during orthodontic tooth movement. 3, 4, 7, 17 51 Folia Medica 2012; 54(3): 50-56
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One of the most efficient enzymes causing collagen decomposition (of type I collagen) in the course of inflammatory response and during tissue remodeling in orthodontic tooth movement is MMP-8 (collagenase 2). Physiologically, periPhysiologically, periPhysiologically, periodontal ligaments are constantly in a process of remodeling, but during orthodontic tooth movement there is a considerably more intense metabolism of the periodontal collagen. 4, 7, [17] [18] [19] IL-1β is another important marker of the initial tissue reaction in the processes of remodeling in the course of orthodontic treatment. Besides its infl amBesides its infl amBesides its inflammatory effect, it exerts a stimulating effect on bone resorption by activating the osteoclasts. 6, [9] [10] [11] 14, 16, 20, 21 Cytokines IL-6, TNF-a and EGF have the same function. IL-1β acts in synchrony with TNF-a, while the latter stimulates bone resorption and bone cell replication. IL-1 is also considered to be a potent inducer of IL-6 production. 14 IL-1b is thought to be a key mediator in bone remodeling, and a number of recent trials have provided evidence in this regard. 6, [9] [10] [11] 13, 14, 16, 20, 21 The prevailing opinion is that analysing IL-1β and MMP-8 in samples of gingival fluid can constitute an appropriate non-invasive method to control and sustain the tissue changes within normal limits. 6, 7, 10, 11, 13, 14, [16] [17] [18] [19] [20] [21] [22] [23] The advanced capabilities the modern molecular and genetic methods provide to study micro quantities of cellular mediators in GCF allow researchers to investigate the remodeling processes in an orthodontic treatment and control their effect in the course of the tooth movement.
The aim of this study was to measure MMP-8 and IL-1β levels in gingival fluid samples during the first 3 months of treatment with fixed orthodontic technique in children.
Tasks: 1. To record oral hygiene and gingival status during the first 3 months of orthodontic treatment in children;
2. To quantify GCF of representative teeth over the study period; 3. To determine the MMP-8 levels in GCF of representative teeth during the study; 4. To determine the IL-1β levels in GCF of representative teeth during the investigation period.
MATERIALS AND METHODS

Patients
The study included 12 children (6 boys and 6 girls) aged 11 through 15. The inclusion criteria were as follows:
• The dental health status of the children was recorded using a special evaluation card which we developed on the basis of the child examination card adopted by the Department of Pediatric Dentistry, Faculty of DentistrySofia. It included: risk assessment of caries, risk assessment of periodontal disease, dental and periodontal status. The following indices were used: oral hygiene index (OHI), based on the presence of dental plaque after staining using data from the entire dentition; Papilla Blееding Index (PBI) of Saxer Mulhemen and determining palatal pocket depth by probing at four points (medial, vestibular, distal and oral). The orthodontic status was recorded based on the orthodontic analysis made by the orthodontist at the Department of Orthodontics of Faculty of Dental Medicine -MU Sofia. Prior to placing the brackets the following was documented: type of orthodontic deformity and abnormal position of teeth.
All clinical parameters were evaluated six times during the first 3 months of orthodontic treatment, of which this study will use four:
• First visit -before the beginning of orthodontic treatment (up to 1 week); • Second visit -24 hours after placing the brackets; • Third visit -1 week after visit 2;
• Fourth visit -at 3 months.
All tested parameters will be the subject of a 52 comprehensive prospective study during a two-year orthodontic treatment and will be subject of future publications.
Preventive control during orthodontic treatment The group of children with orthodontic treatment with fixed appliance was subjected to a complex prophylactic program, based on risk assessment of caries, and including, beside the traditional scheme, the following:
• professional oral hygiene before initiation of treatment and at six weeks and three months;
• periodic monitoring at each visit and record of dental and periodontal status;
• motivation and training in proper oral hygiene with appropriate means for oral hygiene with brackets;
• remotivation and remonitoring of oral hygiene habits;
• work with parents.
samPles of gingival fluid
Tests were performed on 48 samples of gingival fluid, collected from a representative tooth prior to mounting the brackets, then at 24 hours, 1 week, and at 3 months. The following teeth were selected: first molar (in 4 children), central incisor (in 4 children), canine tooth (in 4 children). The amount of gingival fluid and the levels of MMP-8 and IL-1β were examined.
examination of gCf For the collection of GCF strips of rectangular filter paper, 2 mm by 12 mm, were used (FILPAP s.r.o., CZ-411 08 Steti, Czech Republic; medium fast). Before examination the dry test strips were weighted on an analytical scale together with polypropylene capsules of the Eppendorf type in which they were placed.
The test strips were placed for 3 minutes in the medial vestibular areas of the gingival sulcus until one feels slight resistance in the sulcus, with the teeth isolated from saliva and carefully dried. To avoid contamination of samples with blood and other contaminants, all clinical measurements were performed after collection of samples. After the tests, the strips were placed in mini Eppendorf capsules and were weighted again on an analytical scale thus measuring the amount of GCF. These samples were frozen at -30°C until the time of analysis.
Quantification of MMP
statistiCal analysis SPSS 17 was used for the statistical analysis; we obtained means and standard deviations (mean ± SD) of the studied parameters and compared them using the paired-sample t-test. The level of significance was set at p < 0.05.
RESULTS
ohi and PBi of thE chiLdrEn StudiEd during thE 4 visits All indices we studied characterize the overall oral hygiene and gingival status of the study sample during the first three months of orthodontic treatment in their 4 visits (before, at 24 hours, at 1 week, at 3 months after placing the brackets). The results are shown in Table 1 . All children were found to have a poor oral hygiene during the first examination prior to orthodontic treatment. After professional oral hygiene was administered, OHI decreased significantly. OHI restored its mean values after one week and these were maintained until the third month despite the repeated professional oral hygiene (after the first month) and re-motivation of patients at each visit.
One week after professional oral hygiene and immediately after placing the brackets, the PBI decreased by half. There was a marked tendency towards maintaining significantly lower mean values of PBI, which are maintained until the third month. This indicates a slight gingival infl ammaThis indicates a slight gingival infl ammaThis indicates a slight gingival inflammation during the controlled period, regardless of poor oral hygiene.
aMountS of gcf in thE ExaMinEd SaMPLES
The amount of gingival fluid in the 48 samples taken from 12 patients during the 4 visits for the first 3 months of orthodontic treatment are presented in Table 2 .
Mean baseline amount of GCF from a tooth is 1.079 ± 0.706 μl; one week after professional oral hygiene and 24 hours after mounting the brackets it decreases to 0.886 ± 0.672 μl and the amount is retained until the third month when it starts to rise. However, differences in mean values of GCF at the 4 measurements are not statistically significant (p > 0.05). A more extensive study of the dynamics of GCF during orthodontic tooth movement is to come.
levels of il-1β in gcf during of firSt 3 MonthS of orthodontic trEatMEnt
The results of the levels of IL-1β in GCF samples are shown in Fig. 1 .
The mean baseline values of IL-1β at baseline were 112.89 ± 94.67 рg/ml, which agrees with the results from other studies 10, 14, 16, 20 , as most authors have reported levels based on total protein in the fraction (19.2 pg 6 ; 0.88 ± 0.11 pg/μg 14 ; 0.58 ± 0.08 pg/μg 16 ).
During the first two visits after placing the brackets and during the first week, they do not change significantly, but at 3 months the values increase significantly (p < 0.05).
LEvELS of MMP-8 in gcf during thE firSt 3 MonthS of orthodontic trEatMEnt
The results obtained from a quantitative study of MMP-8 in samples of gingival fluid in the 4 studies are shown in Fig. 2 .
Mean values of MMP-8 before mounting the brackets and carrying out professional oral hygiene were 8.11 ± 3.12 ng/ml, while immediately after placing them there was a slight downward shift, but it failed to reach statistical significance (p > 0.05). At three months, however, a significant increase in the mean MMP-8 levels in GCF was found reaching 8.73 ± 2.06 ng/ml (p < 0.05). The MMP-8 levels in GCF were also within the limits as reported by different authors (36 ± 18.32 µg/l 4 ; 56 ± 50 -4.6 ± 4 µg/l 19 ; 173 ± 145 ng/ml 23, 24 ), which with no clinical evidence of gingival inflam- Table 2 . GCF amounts at different visits (μl) Figure 2 . Amounts of MMP-8 in GCF samples (ng/ml). 
DISCUSSION
The effect of orthodontic treatment on the amount of GCF has been studied for a long time with the results still contradictory. 22, 25 Some studies have found increased amounts during treatment. 25 Ac-According to other studies, the increased amount of GCF that is caused by orthodontically moved teeth occurs earlier than the changes in GCF composition. 17 Our results show slow changes in the GCF amount during the first 3 months of treatment, but still there is an increase in the amount of GCF at three months. This tendency has yet to be studied on a larger number of samples.
In the present study a methodology for collecting samples of GCF and measuring micro amounts of IL-1β and MMP-8 in them by solid phase ELISA is adapted for the first time in this country. The results indicate that gingival fluid can be used as an excellent non-invasive diagnostic medium for testing basic tissue remodeling markers (MMP-8 and IL-1β) as reported in literature. 6, 7, 10, 11, 13, 14, [16] [17] [18] [19] [20] [21] [22] [23] The values we get for the biomarkers we study are within the range of those reported in similar studies published in recent years. 4, 6, 14, 16, 19, 23 However, the values of the studied biomarkers from different studies are hard to compare because of the different methodologies used in them -the immunofluorescent method that is considered more sensitive than ELISA, different types of ELISA and other methods.
It is noteworthy that both markers decrease slightly compared with the baseline values and increase at three months of orthodontic treatment. Similar studies report results indicating a rise in the amount of MMP-8 in the initial stages of treatment. These are studies with a few subjects for a very short period of follow-up (8 hours, 1 week, up to a month after the beginning of orthodontic treatment, involving single teeth of 5, 8, 11 patients). 20, 23 In other tests carried out in animal experiments, the above was not reported to such an extent and only slight increase in the levels of MMP-8 was found. 11 Some authors have found increased levels of IL-1β in samples of GCF on the very first day after placing the brackets and these were sustained until 48 hours, and even until 168 hours. 6, 14, 16, 20 These are results of short-term studies with a small sample (a week of research in 6, 9, 10, 12 children). 6, 14 A large part of the reported results are obtained after application of specific force in the specific area under study (e.g. a canine in retraction phase). 6, 14, 20 Moreover, it was found that there are no such changes in other teeth included in the arc, and application of light forces does not lead to any significant increases in IL-1β. 6, 12, 14, 16, 20 Tracking of MMP-8 and Il-1β markers for a longer period of treatment, in a larger group of patients, and for various groups of teeth is limited in available literature. This gives us grounds for future research which we intend to carry out over the entire orthodontic treatment.
Our results for the slight increase of both the GCF flow and the markers tested at 3 months, but not at the beginning, may be the evidence for a well-planned treatment with application of gradually rising forces of impact which do not cause rapid stress in periodontal structures in comparison with the next step of the alignment phase (placing a stronger arc), application of greater forces of action which cause an increase of the levels of the studied markers in GCF. The quantitative analysis of MMP-8 and IL-1β in GCF samples can potentially be a non-invasive method by which information can be obtained about the processes of remodeling of the periodontium during orthodontic treatment and using which these processes can be controlled and limited in physiological limits. 
